In the past, increases in childhood cancer incidence were reported in Europe and North America. The aim of this study is to show updated patterns of temporal behavior using data
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Introduction
In the last decades of the previous millennium, strong and unexplained increases in the incidence of childhood tumors were observed in Europe and USA [1] [2] [3] . In Italy, the AIRTUM (the Italian Association of Cancer Registries) working group in its 2008 report [4] showed alarming increases in incidence rates, even emphasized by media, whereas its edition from 2012 [5] showed that incidence rates seemed to be no longer increasing. The Childhood Cancer Registry of Piedmont (CCRP) reported increasing incidence trends during the period 1967-2001 [6] , specifically for leukemias, central nervous system (CNS) tumors and neuroblastomas. Taking advantage of the very long series of childhood cancer cases records of the CCRP, our aim is to show updated patterns of temporal behavior of childhood cancer incidence. We have calculated incidence rates for the whole period of CCRP registration, from 1967 to 2011, and estimated time trends in two periods: from 1976 to 2011, a long time interval covering 36 years of registration of childhood cancer cases; and from 2000-2011, and a short time interval covering the last available 12 years of registration of both childhood and adolescents cancer cases.
Methods

The Childhood Cancer Registry of Piedmont
Data were obtained from the CCRP, the oldest and largest pediatric population-based cancer Registry active in Italy. The registry has been recording cancer cases in children (0-14 years) since 1965 and in adolescents (15-19 years) since 2000. The first 2 years of registration were used to identify prevalent cases whereas data from 1967 onwards have been used to estimate the incidence. Before avaliability of the hospital admission and discharge files (from mid 90s), cases were searched through manual perusal of hospital registries and clinical records. From then on, cases are identified from the Hospital Admission and Discharge files, including hospital stays of all Piedmont residents in all Italian hospitals. The potentially relevant discharge diagnoses are then selected, and their complete clinical documentation is requested and examined by an experienced pediatrician in order to identify incident cases. Further case ascertainment is obtained from the databases of pathology departments of Piedmont hospitals, records for reimbursements for cancer treatments administered abroad, the Turin Cancer Registry and the database of the Italian Association of Pediatric Hematology and Oncology. Only CCRP authorized personnel can access individual data. Data are anonymised before statistical analysis.
CCRP data quality indicators by period of registration are shown in Table 1 . Cases are included in the CCRP only after positive confirmation of age and residence in Piedmont at diagnosis, verified at the residence Town Office Registrar. All diagnoses are coded using the International Classification of Diseases for Oncology, Third Edition (ICD-O-3) [7] classification and then grouped into the 12 main diagnostic groups of the International Classification of Childhood Cancer, Third Edition (ICCC-3) [8] . In the analyses we have included all malignant tumors, and malignant and benign tumors of the CNS. In addition to the ICCC groups, we analyzed embryonal tumors as a separate category. There is no widely accepted definition for embryonal tumors and different authors have used different definitions [5, [9] [10] [11] [12] . In the absence of a unique classifying system, we have grouped all the tumor types explicitly described in the World Health Organization (WHO)/ International Agency for Research on Cancer (IARC) Classification of Tumors series ("WHO blue books") [13] [14] [15] [16] [17] [18] [19] [20] [21] 
Statistical analyses
Crude incidence rates were calculated as the number of new cases per million person-years for the 12 main ICCC diagnostic groups as well as for the most important subgroups, by age class. The analysis of incidence trends was restricted to the period 1976-2011 to include data from the whole region of Piedmont (registration was limited to the Province of Torino in the period 1970-1975) and to avoid major diagnostic changes in the diagnosis and classification of leukemia. Time trends were estimated also separately for the last available 12 years of observation (2000-2011), when the analysis is possible in both children and adolescents. With regard to CNS tumors, we started the time trend analysis from 1982 in order to avoid biases due to improvements in diagnostics (such as the use of CT scans at the beginning of the 1980's). Due to the heterogeneity of behavior, we also estimated time trends for all histologically verified CNS tumors by WHO grading [13] . The idea is that more sensitive diagnostic techniques might have artificially increased the incidence of slow growing tumors with lower grading but have only marginally affected the incidence of the aggressive malignant tumors with rapid growth and higher grading. Exclusion of cases with no histological verification ensures that if an increased trend is observed, this cannot be ascribed to an improved capability of identifying benign lesions that are not surgically removed.
For neuroblastomas we conducted a sensitivity analysis starting the time trend analysis from 1990, to account for the introduction of ultrasound techniques for the early detection of newborn hip dysplasia.
The trend in incidence rates over time was estimated as the annual percent change (APC) of the incidence rates, using the Joinpoint Regression Program [22] . For the calculation of APC in the 0-14 age group we used age standardized rates and their standard errors, using the world standard population (WHO 2000 (WHO -2025 . For the calculation of APC in the <1 and 15-19 age groups, we fitted log-linear regression models to data assuming a Poisson distribution.
Results
In 1967-2011, CCRP registered 5020 incident cases. The incidence rate of all tumor types for children (0-14 years) was 156.9 (151.3-161.6) ( Table 2 ). In 2000-2011, the incidence rate for adolescents (15-19 years) was 281.7 (259.8-305.0) ( Table 2 ). There was a statistically significant increase in incidence rates of all tumor types in children for the overall period starting 1976-2011, with APC 1.1% (0.8; 1.5), as well as of both embryonal and non-embryonal tumors: Fig 1) . Embryonal tumors incidence peaks in the 0 age group and declines with age ( Table 2 , Fig 2) , and their trend in the period 1976-2011 is mostly due to the increase in the first year of life, APC 1.5% (0.4; 2.7). Leukemia is the most common cancer type in children. Acute lymphoid leukemia (ALL) accounts for around 73% of all leukemia cases. ALL incidence peaks in the 1-4 year age group, with a rate of 75.9 (69.6; 82.6) in the whole observation period (1967-2011) ( Table 2, Fig 2) . We found a statistically significant increase in all leukemias incidence rates in the period 1976-2011, APC 0.6% (0.0; 1.2), which seems mainly driven by the increase of ALL, APC 0.9% (0.3; 1.4) ( Table 3) .
Lymphomas are the most common cancer type in adolescents. Their incidence rates in children are 18.7 (17.1-20.4) and 89.7 (77.6-103.3) in adolescents ( Table 2) . Male predominance is remarkable in both Hodgkin lymphoma (HL) and Non-Hodgkin lymphoma (NHL) ( Table 2 ). HL incidence rate among adolescents is particularly high, 69.4 (58.7-81.4) ( Table 2 ). In children, the overall (1976-2011) time trend for all lymphomas exhibited a breakpoint, with increasing incidence until 2007, APC 1.7% (0.6; 2.7), followed by a non statistically significant decline afterwards (Table 3) .
CNS neoplasms are the second most common cancer type in children (23.4% of all tumors) and third most common cancer type in adolescents (13.3% of all tumors), with high rates in both children 36.7 (34.5-39.0) and adolescents 37.5 (29.8-46.6) ( Table 1, Fig 2) . In the chosen observation period (from 1982, to account for improved diagnostic techniques, to 2011) CNS tumors exhibited a significant increase in incidence rates, APC 1.8% (0.9; 2.7) ( Table 3 ). In the analysis by tumor grading, CNS tumors with both grade I and IV showed a strong increase, APC 3.6% (2.5; 4.8) and 2.4% (0.7; 4.2), respectively. On the contrary, grade II and III tumors (grouped together) showed an increase until 1997 APC 5.1% (0.4; 10.0) followed by a decline APC -6.4% (-11.2; -1.5). (data not shown). The incidence rate of neuroblastoma is highest in children in their first year of life, 68.0 (56.2-81.6) ( Table 2 ). The trend analysis showed an increase in incidence rates for the overall period in all children APC 1.2% (0.2; 2.1) ( Table 3 ) and in those in their first year of life APC 2.5% (0.7; 4.2). When we restricted the neuroblastoma trend analysis to the period 1990 to 2011, increases in time trends lost statistical significance: APC 1.7% (-0.4;3.7) for all children, and APC 2.0% (-1.5; 5.7) for <1 year old children (data not shown). The analysis of the period 2000-2011 (with the exception of hepatoblastomas in children) showed no statistically significant variation in incidence rates, neither in children, nor in adolescents. The major ICCC groups (namely leukemias, lymphomas, CNS tumors and neuroblastomas) that showed an increase for the 1976-2011period in children, show decreasing rates in 2000-2011 (Table 3) .
Discussion
Analyzing the overall time trends (1976-2011) in children, we found statistically significant increases in incidence rates in all tumors types combined, and in both embryonal and nonembryonal tumors when analysed as separate categories. In the analysis by ICCC diagnostic groups, we found increases in leukemias (mainly due to the increase of ALL), lymphomas, CNS tumors (from 1982) and neuroblastomas.
The analysis of the most recent period (2000-2011) did not provide sufficient evidence to claim that the increasing trends that have characterized the whole time series have now started inverting their tendency, since the rarity of cancer in the age groups considered is affected by large variability that hampers interpretation.
When we interpret our findings, we must consider that changes in data collection, classification or changes in diagnostic procedures might have influenced our results.
The quality and completeness of data collected from CCRP has been high and its data have been included in all major studies on childhood cancer incidence in Italy and Europe [4, 5, 12, 23] . In the first 10 years of registration (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) there were 55 cases identified only through death certificate (DCO), but only one after 1976 (Table 1 ). The proportion of microscopic verification (MV) increased until the last period, where it showed a slight decline Childhood cancer registry of Piedmont: Rates and trends, 1967-2011 mirrored by an increase in the percentage of diagnoses exclusively based on imaging, showing increased diagnostic capacity rather than a decline in the quality of registration (Table 1) . After 1975, around 95% of all cases have histological confirmation.
In our observation window, several relevant diagnostic changes occurred. From mid 1970's the distinction between ALL and acute myeloid leukemia (AML) became reliable through the introduction of flow cytometry so that the proportion of unspecified leukemias became negligible. For CNS tumors, major diagnostic improvements included the introduction of CT scans and their widespread use in the 1980's, followed by that of magnetic resonance in the 1990's, and of cranial ultrasound in newborns from the 1990's. Relevant diagnostic changes for neuroblastoma (and possibly for other embryonal abdominal neoplasms, such as nephroblastoma and hepatoblastoma) were the antenatal and perinanatal ultrasound imaging in mid 1980's and the widespread use of hip ultrasound from mid 1990's.
It is unlikely that improved classification explains the observed ALL increasing trends. In our data, from mid 1970's, the proportion of unspecified leukemias has been constantly low, and that of MV cases for ALL was 100%. Increasing leukemia time trends have been observed in previous CCRP [6, 24] and Italian [4, 5] studies. Incidence rates in Italy mostly increased in the 1980's until mid 1990's, especially those of ALLs in the 1-4 age group. A similar behavior was observed in other European countries [1,2,25-28], more pronouncedly in western then eastern Europe. SEER data in a similar period ) also show an increase in leukemia rates (APC 0.7%, p<0.05) [3] .
HL behavior is particularly interesting because Italian rates among children and adolescents (0-19 years old) are the highest of the world [29] . In USA [30] and Nordic countries [31] , rates were approximately half of those observed in Piedmont and in Italy [5] . (Table 4 ) Our analysis did not show statistically significant trends for HL, but showed an increase in all lymphomas considered together in 0-14 years old up to 2007, followed by a decrease. APC was higher for HL than for all lymphomas (2.2 vs 1.7). A previous CCRP study [6] for the period 1967-2001, found a statistically significant increased incidence rates for HL in 10-14 year old children.
The AIRTUM working group [5] found an increase in children for all lymphomas up to 1999 and a decline afterwards. In Europe, for the period 1975-1997, the increase in HL was found in both the 10-14 (AAPC (average annual percent change) 1%) and the 15-19 (AAPC 3.5%) age groups [32] . In USA, HL showed a decline (1975-2013, 0-19 years, APC -0.6%, p<0.05) and NHL an increase (1975-2013, 0-19 years, APC1.1%, p<0.05) [3] .
There were previous reports of increasing trends of CNS tumors in Europe and USA [33] [34] [35] . The Automated Childhood Cancer Information System study on childhood CNS tumors [33] reported increased incidence in Europe in the period [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] , that the authors partly explained with improved diagnostic methods and changes in classification and registration. In Italy, the AIRTUM study [5] found increasing trends in all CNS tumors considered together, but the analysis restricted to those with malignant behavior showed stable rates. In Piedmont, a previous study analyzing trends from 1967-2001 [6] found significantly increasing CNS tumor trends that showed a constant gradual change rather than a step-increase that usually follows the introduction of new diagnostic techniques. In our analysis, we found statistically significant increases in incidence rates of CNS tumors even after starting the analysis from 1982 to account for the introduction of CT scans. When we looked into the incidence pattern of CNS by WHO grade, we found that grade I tumors that are more likely to be affected by improvements in diagnostics, have indeed been increasing. However, also the incidence of highly malignant grade IV tumors has been increasing. Given the rapidly growing and aggressive nature of these tumors, it is unlikely that a diagnostic anticipation may translate into an apparent increasing trend, thus leading us to the conclusion that the increasing trends of CNS tumors might reflect a true change in the risk factors patterns of exposure.
In Europe, the incidence of embryonal tumors like neuroblastoma, nephroblastoma and, to a lesser extent, retinoblastoma and hepatoblastoma, seem to have increased [1, 11, [36] [37] [38] [39] . The significant increases for all embryonal tumors for the overall period, are mostly due to the increase in rates of cases diagnosed in the first year of life. This increase might be partly due to introduction of antenatal and perinanatal ultrasound imaging in Italy in the mid 1980's and the use of hip ultrasound from around 1995, especially for tumors that in a small proportion may regress spontaneously, such as neuroblastoma. Indeed, when the trend analysis was restricted to the period 1990-2011, increases in time trends for neuroblastoma persisted but lost statistical significance and time trends from 2000 show decreasing rates for embryonal tumors in children, including neuroblastoma and retinoblastoma. Hepatoblastomas, however, showed an increase, although our analysis is based on small numbers. In conclusion, in Piedmont, the analysis of trends over a long period shows that the incidence of most tumor types has increased. When we looked more closely at the most recent years of observation (2000-2011), we found that rates seem to have started levelling off. However, large variability hampers interpretation of trends pattern in short periods. In Europe, the upward trends were detected more then 12 years ago, but as yet no satisfying explanation for the past increases has been found. Efforts must be made to understand and interpret this peculiar and still ununderstood pattern of incidence of childhood cancer.
